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Introduction

�	 Facility Modernization Pilot Study

Modern and technologically up-to-date facilities and systems infrastructure are necessary 

to accommodate today’s research environment. In response, Lawrence Livermore National 

Laboratory (LLNL) has a continuing commitment to develop and apply effective management 

models and processes to maintain, modernize, and upgrade its facilities to meet the science 

and technology mission. The Facility Modernization Pilot Study identifies major subsystems 

of facilities that are either technically or functionally obsolete, lack adequate capacity and/or 

capability, or need to be modernized or upgraded to sustain current operations and program 

mission. This study highlights areas that need improvement, system interdependencies, and how 

these systems/subsystems operate and function as a total productive unit.  Although buildings are 

“grandfathered” in and are not required to meet current codes unless there are major upgrades, 

this study also evaluates compliance with “current” building, electrical, and other codes. This 

study also provides an evaluation of the condition and overall general appearance of the structure.

 

Using a cross-section of eight facilities selected from the FY02 Facility Assessment and 

Ranking System (FAaRs), this study assesses the technical obsolescence and major subsystems 

infrastructure to better understand how aging facilities (see Table 1) and the changing research 

environment are impacting the Laboratory. Appendix A provides a detailed evaluation of each of 

the eight facilities.

Table 1. Facilities selected based on age, type of facility, and condition.

Facility Name Age Technology Status *
Summary 

Condition
113 Computation/LCC Facility 38 Satisfactory Fair

141 Electronic Shops 50 Marginal Good

241 Materials Science Facility 44 Satisfactory Fair

253 Hazards Control Facility 45 Unsatisfactory Fair

271 Protective Forces Facility 31 Satisfactory Fair

361 Biology/Bio Tech Facility 35 Satisfactory Fair

381 National Ignition Facility 29 Satisfactory Fair

851A Hydro Firing Facility 44 Satisfactory Adequate

*Note: Ranking scale: (1) fully current, (2) satisfactory, (3) marginal, (4) unsatisfactory.



Introduction (cont.)
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Figure 1 illustrates the percentage of buildings at LLNL that are more than 40 years old—totaling 

33% at the Livermore Main Site and over 50% at Site 300. As facilities continue to age, this trend 

and the number of facilities exceeding 40 years will increase each year. The technical status of 

facilities are affected by their age, the changing research environment, and several other drivers 

including the following: 

Multiple higher-powered desk top computers are now integral components of every office.

Experimental work is requiring increasingly higher thermal and mechanical stability and 

precision, frequently in a clean environment.

Research and computing environments are requiring reliable, high-quality, low-voltage 

electrical distribution.

New electronic controls (e.g., variable frequency drives) installed without line filters can 

degrade power quality.

Routine communications are requiring higher performance networks and system support.

Building, electrical, architectural, mechanical, fire, and other codes have changed 

significantly since completion of original construction.

Major facility subsystems (electrical, mechanical, controls, alarms, etc) are aging, some 

are technologically obsolete, and replacement parts are difficult to obtain or are no longer 

available for some equipment. 
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•

•
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Figure 1. Distribution of facilities by age at LLNL.



For the purpose of this study, modernization is defined as providing new capacity; new capability; 

changes in standards, regulations, and technology; or a major upgrade of a building or subsystem 

to meet the current and changing mission needs of a program.  Maintenance is defined as 

replacing building systems and equipment “in kind” to maintain the systems and equipment in 

acceptable condition for current use and to achieve the expected building life.

Funding of replacement-in-kind equipment components and major system upgrades also need to 

be considered as the funds are provided from two different sources.  Replacement of components 

and systems in-kind is accomplished using maintenance reinvestment operating funds.  The 

National Nuclear Security Administration (NNSA) Facility and Infrastructure Recapitalization 

Program (FIRP) initiative is also being used to replace worn out components and to reduce 

the backlog of maintenance. Modernization and replacement of entire subsystems or capacity 

increases require capital funding and cannot be accomplished with operating funds.   

Appendix A provides a summary of opportunities and cost estimates for modernizing; upgrading 

building systems; updating current building, electrical, and other codes; installing energy 

efficiency improvements; and improving the image of facilities.  Separate Laboratory studies and 

reviews are currently in progress to evaluate emergency generator replacements, communication 

network upgrades, alarm system cost options, energy, American Disability Act (ADA) and 

seismic upgrades.

Introduction (cont.)

�	 Facility Modernization Pilot Study



The Laboratory and the Department of Energy (DOE) are committed to re-investing in facilities 

and infrastructure to support program activities, mission, research, and technical capabilities. 

During the 1990s, the DOE established that the Facilities and Infrastructure (F&I) of the DOE 

Weapons Complex were aging and not well maintained. The F&I condition was declining due to a 

lack of investment.  In FY01, the NNSA presented an F&I Assessment Plan to the House Energy 

and Water Development Committee to halt and correct the deterioration within the complex.

In response to the declining F&I condition, corporate goals were set by NNSA in FY02 to 

stabilize deferred maintenance by the end of FY05 and return programmatic facilities and specific 

other important infrastructure to an assessment level of “good to excellent” by the end of FY09. 

Institutional facility management and budget processes were also included as part of the goals to 

maintain facilities and infrastructure equal to or better than industry standards. To achieve these 

goals, the NNSA’s FIRP was funded as a corporate initiative to make significant improvements in 

F&I that enable NNSA and the Laboratory to better meet their national security missions. 

Pilot F&I projects resulted in significant enhancements in the Laboratory’s facility management 

processes and funding of high-priority, mission-critical maintenance projects. Work processes, 

systems, condition assessments, good management practices, and a maintenance prioritization 

process that work well at the Laboratory were institutionalized to accomplish NNSA’s goals. 

As part of this process, both the DOE and the Laboratory recognize that aging facilities and their 

major subsystems need to be modernized to meet the changing mission needs of the program.  

One of the F&I challenges stated in the Laboratory’s annual Ten Year Comprehensive Site Plan 

(TYCSP) is to arrest technical obsolescence. In response, the Facility Modernization Pilot Study 

addresses technical obsolescence to formalize building-specific modernization plans to develop 

a strategy, methodology, and process to identify potential modernization opportunities; major 

upgrades of aging facilities; building, electrical, architectural, fire, and other code improvements; 

and the estimated costs.

Background
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This study used FAaRS to select a cross-section of eight buildings based on age, type of facility 

(e.g., office/laboratory, computations, Livermore Computing Center, shop/office), condition, and 

technology status (as shown in Table 1). The buildings were reviewed based on the requirements 

of their current use (potential changes in building use were not considered). Technology status, 

obtained from the LLNL Facility Information Tracking System (FITS), is based on the Facility 

Manager’s evaluation of a building and its major subsystems to meet current operations and 

program mission. The Summary Condition is the Facility Condition Index (FCI) derived from 

the ratio of the Backlog of Maintenance to Replacement Plant Value (RPV).  The facilities and 

building systems were evaluated for their current use by a multi-disciplined team of engineers, 

maintenance specialists, and estimators (i.e., electrical, mechanical, and architectural). 

Walkthroughs were performed to obtain a general overview of each facility and its major 

subsystems (facility team members included: an Associate Director Facility Manager [ADFM] 

representative, Facility Point of Contact [FPOC], and/or Building Coordinator). Estimators 

developed “D” Level cost estimates (+/–50%), assuming FIRP funding using a very brief 

description of needs. No formal drawings or specifications were developed by engineering staff. 

As documented in Appendix A, the assessment of each building and major subsystem determined 

if there were capacity or capability deficiencies; if improvements were needed to meet current 

building, electrical, architectural, fire and other codes, and/or ADA compliance requirements 

common to the buildings used in this study. Other assessment techniques and processes included 

the following:

Assessing buildings as a total productive unit—functions, performance of major 

subsystems, and their inter-relationships, including their overall structure and interior 

condition (i.e., image). 

Creating a list of main circuit breaker(s), loads (amperes), and demand (kilowatts/hour) 

for each facility (see Figure 2).

Comparing one-line electrical diagrams and panel schedules with actual field installations.

Addressing potential safety issues.

Assessing potential energy efficiency improvements.

Providing engineering assessments and cost estimates to the ADFM and Plant 

Engineering Maintenance/Operations(M/O) for information, future planning, and 

potential replacement in-kind and modernization projects (capital).

Identifying code improvements needed to bring facilities up to current code.

Updating the Laboratory’s Condition Assessment Survey (CAS) reporting system with 

system and code improvements identified in this study.

 

•

•

•

•

•

•

•

•

Assessment Techniques for Major Building Systems
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Findings, Conclusions, Recommendations

General Findings, Conclusions, and Recommendations

Finding—Facilities, their major subsystems, function, operation, performance, safety and 

reliability, and how they are integrated need to be viewed as a total productive unit.

Discussion of Findings. Currently, the focus of maintenance and facilities investment is on 

“replacing-in-kind” components or a subsystem rather than an upgrade or modernization of an 

entire electrical or mechanical distribution system. Furthermore, the focus of maintenance is on 

individual replacement of major subsystems and components rather than on the interdependencies 

of the systems and their function as a total productive unit.  Replacement-in-kind of worn out, 

obsolete, and inefficient facility components has helped to modernize facilities, but the program 

has not focused on upgrades or modernization of entire subsystems. The updated technology 

built into new replacement-in-kind equipment has resulted in improvements in operation, control, 

efficiency, reliability, and precision. However, a broader, coordinated, interactive systems 

approach to facility planning is needed to evaluate entire systems, systems integration, the 

replacement of components of these systems, and the actual programmatic requirements. 

Conclusion. Preventive maintenance, repair, and replacement-in-kind tend to focus 

on individual subsystem categories (e.g., mechanical, electrical, alarms) or major 

components of a system.  These subsystems are interdependent and must work in concert 

with each other as a total productive unit to meet a program’s mission requirements. If 

one system’s capacity, capability, or reliability is not performing to expectations or current 

program need, it may affect the total productivity of the facility.   

Recommendation. Emphasis needs to be placed on the interdependencies of major 

subsystems, their function, operation, performance, and replacement as a total productive 

unit to meet current program mission and requirements.  

•

•
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Finding—The total cost profile (total needs) of a facility (deferred maintenance, code 

improvements, modernization improvements, architectural, seismic, communication networks, 

etc.) needs to be evaluated considering future mission, operation, and investment.

Discussion of Findings. Facility needs for deferred maintenance, modernization, capacity 

increases, seismic upgrades, code improvements, architectural improvements, and communication 

networks and their costs are generally viewed independently. Facility plans integrating the 

total needs, costs of needs and requirements, and total cost profile for buildings have not been 

developed.    

Conclusion. The estimated costs of each of these major components needs to be 

combined into a facility plan with a total cost profile for each building (i.e., its total 

needs).  

Recommendation. Each facility should have a Facility Plan, updated periodically, which 

includes its total needs, individual costs, total cost profile, and tentative schedule for 

accomplishment.  A facility’s total cost profile (deferred maintenance, code updates, 

modernization investment, capacity upgrades, seismic upgrades, and general appearance) 

needs to be balanced against its life expectancy, investment to date, future mission, cost to 

demolish, or estimated cost to construct a new facility.

•

•

Findings, Conclusions, Recommendations (cont.)
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Finding—Many of the building infrastructure components are original, some are badly 

deteriorated, beyond their life expectancy, and are technically obsolete.

Discussion of Findings. Field inspections and Condition Assessment Surveys (CAS) of deferred 

maintenance for each of the facilities selected indicate that several equipment components are in 

“poor” to “fair” condition or beyond their design life.

Many of the aging and outdated facilities have some of the original electrical and mechanical 

systems and components installed at the time of construction.  Field inspections noted that some 

of the system components have been abandoned in place, others have exceeded their design life; 

and electrical cables have deteriorated and some have cracked insulation. In some cases, vendors 

no longer provide support for mechanical or electrical equipment and repair parts are difficult 

to obtain or are no longer available.  Some facilities have pneumatic control systems that are 

technically obsolete, costly to maintain, and sometimes difficult to troubleshoot. 

Conclusion. The FIRP and internal maintenance reinvestment activities are addressing 

these issues and are making progress towards correcting deficiencies. The Laboratory’s 

maintenance reinvestment program has been recognized by the Government Accounting 

Office and NNSA and has become a model for other DOE organizations.  

Recommendation. Continue with a strong internal reinvestment program and FIRP and 

continue making progress towards correcting deficiencies.

•

•

Findings, Conclusions, Recommendations (cont.)
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Finding—Safety, operation, and reliability of systems could be improved by updating to current 

electrical and building codes.

Discussion of Findings. Significant changes in building, electrical, architectural, fire, and other 

codes have been made since many of the Laboratory’s buildings were originally constructed. 

Existing systems and structures met as-built codes and are grandfathered in until major upgrades 

or alterations are made. The new codes implement changes that can improve the safety, operation, 

reliability of systems, and integrity of the structure.  For example, updating to current electrical 

codes would require replacement of existing undersized low-voltage neutral and ground cables.  

Electrical codes in existence when the facilities were constructed allowed neutral and ground 

cables to be sized at 50% of the supply cable rating.  Current code requires neutral and ground 

cables to be sized at 100% of the supply cable rating.

 

Conclusion. Electrical distribution components such as transformers, main circuit 

breakers, and panels would benefit by updating to the current code and would improve the 

operation and increase the reliability. Updating to current codes also would meet current 

building codes for mechanical systems, building, and ADA requirements. 

Recommendation. Consider implementing an integrated program to update mechanical, 

electrical, architectural, and alarms to current codes.  As components are replaced through 

the internal maintenance reinvestment program and FIRP, continue to implement current 

code improvements.    

•

•

Findings, Conclusions, Recommendations (cont.)
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Low-Voltage Electrical Distribution Systems

Finding—Many of the electrical components are original, some are deteriorated and beyond 

their expected design life.

Discussion of Findings. System components (transformers, panels, circuit breakers, and electrical 

cables/feeders) are aging; some are beyond their expected design life and range from poor to fair 

condition. Replacement parts are no longer available for some of the older panels.  Electrical 

feeder insulation in some cases is severely deteriorated and exhibits damaged insulation. 

Finding—Electrical main circuit breaker capacity serving facilities is adequate.

Discussion of Findings. Measurements of usage (kw/h) and amperage were taken at each of the 

facilities to determine average and peak operating loads.  Refer to Figure 2 for a summary of the 

main circuit breaker(s) operating loads, expressed as 80% of nameplate capacity for each facility. 

Only one of the loads (B113, TB840) exceeded the breaker’s desired (internal LLNL standard) 

operating capacity. No loads exceeded the main breakers nameplate capacity. The load at B113 

will be significantly reduced as computational capability is shifted to the newly constructed 

Terascale Simulation Facility (TSF).  
 

Findings, Conclusions, Recommendations (cont.)
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A field inspection of the main breakers at each facility was made to determine whether or not 

multiple trip setting breakers were installed.  Some breakers were old style thermal trip type with 

only a minimum/maximum trip setting.  Without proper coordination between upstream and 

downstream circuit breakers, there is an increased risk of nuisance tripping which could result 

in potential outages and damage to experiments and/or facility equipment.  Circuit breakers with 

multiple trip settings provide better coordination of a facility’s low voltage electrical distribution 

system.

Conclusion. The capacity of the main circuit breakers was found to be adequate.  

Replacement of the old style main breakers with multiple trip setting units would provide 

more flexibility and improved coordination of low voltage electrical distribution systems.   

Recommendation. Replacement of minimum/maximum setting breakers with multiple 

trip setting breakers, when properly configured, would improve reliability, operation, and 

breaker coordination. 

Finding—Installing ground fault protection at main breakers rated at less than 1,000 amps 

could prevent a facility outage. 

Discussion of Findings. The National Electrical Code (NEC) does not require ground fault 

protection for main breakers or service disconnects rated at less than 1,000 amps. As a result of 

this condition, a ground fault of a lighting ballast, motor or feeder cable can trip the main circuit 

breaker resulting in the shutdown of a facility. 

Conclusion. Although the electrical code does not require ground fault protection for 

main breakers rated at less than 1,000 amps, this may not be adequate for certain LLNL 

operations. The incremental cost of ground fault protection of a facility’s operation would 

more than offset the loss of an experiment, data, or manpower costs.  

Recommendation. To provide improved operation and reliability, all installed main and 

feeder circuit breakers in switchboards should be provided with ground fault protection 

tailored to the operations of the facility. 

•

•

•

•

Findings, Conclusions, Recommendations (cont.)
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Finding—There have been significant changes in the NEC since the buildings were originally 

constructed.

Discussion of Findings. Each of the facilities assessed had at least one low-voltage electrical 

distribution feeder, breaker, panel, or transformer that needs to be updated to meet current code.  

Although the facilities meet as-built electrical codes, assessment of the facilities to meet current 

codes resulted in the following:

Circuit breakers and electrical feeders were “T” tapped exceeding 25 feet from the tap.

Electrical panels need secondary protection to isolate panels when being worked.

Panel circuit breakers were not properly coordinated—downstream breaker exceeds 

capacity of upstream breaker.

In some installations, panels and circuit breakers do not have adequate interrupting 

capacity ratings (available fault current exceeds the rating).  Unless a circuit breaker 

successfully interrupts the fault, the resulting excess amperage can rapidly heat 

components to very high temperatures that can destroy insulation, melt metal, and start 

fires.   

Panels had inadequate working clearance (minimum 36 inches required).

Multiple taps were found on some transformers serving panels, which could potentially 

overload the transformer.

Neutral and/or ground wires are undersized at 50% of current capacity (Desktop 

computers and motors can create power quality and harmonic issues where undersized 

wiring is installed). Current code requires neutral/ground wires to be sized at 100% of 

circuit capacity—neutral/ground wires sized at 200% of circuit capacity are recommended 

where desktop computers are used.

Several buildings had electrical feeder runs which contain old style (RHW) insulation 

(lower operating temperature) which should be replaced with THHN/THWN (LLNL 

Standard) type feeders.

Electrical one-line diagrams and panel schedules were not consistent or were missing 

entries.

•

•

•

•

•

•

•

•

•

Findings, Conclusions, Recommendations (cont.)
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Although there has been an occasional electrical outage of a building, no known major damage 

or fire has occurred as a result of a “low voltage system” component failure or ground fault. As 

a result, low voltage electrical distribution systems are generally ranked low in probability of 

failure.

Conclusion. Operation, safety and reliability of low-voltage electrical distribution 

systems could be improved by replacing aged and deteriorated components, performing 

load and breaker coordination studies, and updating to current code and technology. Low 

voltage electrical distribution systems currently are ranked low in probability of failure 

and ranking priority.  

Recommendation. Consider implementing an integrated program to perform load 

and breaker coordination studies and replacement of low voltage systems and their 

components to improve operation, reliability, and conformance to current code. Update 

panel schedules, as required, to show current configuration of electrical system. 

As part of this process, the maintenance priority, ranking, and funding of low voltage electrical 

systems should be re-evaluated.  

•

•

Findings, Conclusions, Recommendations (cont.)
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Mechanical Systems

Finding—HVAC capacity in some facilities was either marginal or could benefit from 

centralization. Operation, reliability, maintenance, and energy efficiency could be improved by 

installation of direct digital controls (DDCs) and front-end computers.

Discussion of Findings. Existing air handling and cooling systems are inadequate or marginally 

meet the needs of five facilities. Central air cooling capacity (B141, B253, B271 and B361) is 

being augmented by small standalone air conditioning units and or heat pumps.  Existing cooling 

and airflow capacity is inadequate to serve both the high and low bays in B241.  Pneumatic 

control systems, standalone DDC panels or combinations of both for monitoring the HVAC 

systems are installed in several of the buildings. Constant volume reheat systems are used in some 

office areas and laboratories.  

Conclusion. Replacement of these systems and or components with central air handling 

and cooling systems, variable air volume boxes (VAV boxes), where applicable, variable 

frequency drives, direct digital controls, and front-end computers to monitor performance 

would improve operation, reliability, maintenance, and energy efficiency. 
 

Chiller replacement and centralization of systems are also impacted by funding 

requirements.  Chillers are replaced “in-kind” with operating funds when installing a 

unit(s) of larger capacity and centralization of the system would improve a deficient 

system, but this would require capital funding that is not available.  

Recommendation. An integrated program and plan to modernize, upgrade, or increase 

the capacity of marginal air handling and cooling systems needs to be developed and 

implemented.  This program should include interconnecting existing standalone DDC 

panels to a host computer to monitor the HVAC and installation of VAV boxes and 

variable frequency drives to improve operation, maintenance, and energy efficiency. 

•

•

Findings, Conclusions, Recommendations (cont.)
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Discussion of Findings. Heating capacity was generally found to be adequate except for one 

facility (B381) where an existing boiler was tapped to heat an adjacent building.  In the winter 

months, the single boiler cannot meet the demand for both buildings.  The east side (office area) 

of B141 is served by a boiler operating at about 75% capacity which is adequate for operations. 

Space heating for the east side laboratory is provided by old, inefficient gas fired unit heaters. 

Building 141 lacks a boiler to heat the west side of the building. Old, inefficient, gas fired unit 

heaters are used to heat the west side.  In B253 there are three boilers and three chillers located in 

three mechanical rooms serving the west, middle, and east wings of the facility.  The three boilers 

could be consolidated and the system centralized to handle the heating requirement for the entire 

building which would improve operation and energy efficiency. Consolidation also would provide 

separate mechanical rooms for the boilers and chillers. 

Conclusion. Heating capacity is generally adequate except for B381.  Old, gas fired unit 

heaters in B141 should be replaced.  

Recommendation. A plan to improve inadequate or marginal heating capacity, 

centralization of  the HVAC systems, and installation of DDC in the facilities needs to be 

developed.

Finding—Uniform building code now requires boilers and chillers to be in separate 

mechanical rooms.

Discussion of Findings. Chillers and boilers are collocated in the same mechanical room in 

three facilities (B253, B271, B361).  Current code requires refrigeration machinery rooms to be 

separated from other portions of a building where there is a combustion source.  Combustion air 

or return air cannot be taken from or through a refrigeration machinery room. Open flames, for 

example a boiler, are prohibited in refrigeration machinery rooms except where a combustion 

system is interlocked with a refrigerant detection system to shut down the boiler in the event of a 

refrigerant leak.

Conclusion. Refrigeration leak detection systems are not currently installed at the three 

facilities. Existing systems are grandfathered. However, if modifications are made to the 

existing nonconforming installation, they will be considered compliant under the new 

code.  

Recommendation. Consider providing separate mechanical rooms for boilers and chillers, 

where practical. Where separate mechanical rooms are impractical, install systems where 

the combustion system (boiler) is interlocked with a refrigerant leak detection system to 

shut down the boiler in the event of a refrigerant leak.

•

•

•

•

Findings, Conclusions, Recommendations (cont.)
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Finding—Multiple types and manufacturers of HVAC controls have been installed using 

different technologies, frequently are not backwards compatible, and are costly to maintain.  

Discussion of Findings. The facilities assessed utilize either pneumatic controls or non-

networked standalone DDCs or a combination of the two to manage their HVAC systems. 

Pneumatic or distributed electronic systems are becoming technically obsolete. Pneumatic 

systems are more costly to troubleshoot and maintain.  Maintenance personnel with the necessary 

knowledge and skills to maintain pneumatic systems are becoming more difficult to find. 

 

DDC systems consist of microprocessor-based controllers with the control logic performed by 

software.  There are direct benefits of DDC over previous technologies (pneumatic or distributed 

electronic), it improves the control effectiveness, improves operation efficiency, and increases 

energy efficiency.  Electronic sensors for measuring common HVAC parameters of temperature, 

humidity, and pressure are more accurate than their pneumatic predecessors.  Alarms can be 

routed to various locations on a given network and the trending capabilities allow a diagnostic 

technician or engineer to troubleshoot system and control problems.  Data can also be stored 

in various formats and run times of equipment can be monitored over time.  Energy efficiency 

strategies such as demand, limited, and load scheduling can be more easily implemented with 

DDC systems. This can be applied at the zone level by setting different demand levels if desired. 

DDC systems at the Laboratory have been supplied by multiple manufacturers. Proprietary 

software and hardware varies between DDC manufacturers and is not always compatible with 

alarms as systems are changed or replaced.

Conclusion. Pneumatic control systems should be phased out and replaced with DDC 

systems.  DDC systems at the Laboratory need to be standardized using open protocols 

and web-based interfaces.  A standard set of HVAC controls and sequence of operations 

needs to be developed for various applications (offices, laboratories, shops, etc).  

Maintenance/Operations is evaluating DDC systems supplied by several manufacturers 

and is in the process of developing a Controls Master Plan. 

Recommendation. Phase out pneumatic controls systems and replace with DDC systems.  

Consider and document the need to update HVAC control systems in the development of 

the Controls Master Plan.

•

•

Findings, Conclusions, Recommendations (cont.)

	 Lawrence Livermore National Laboratory    17



Finding—Hood and exhaust systems may benefit from centralization of systems.

Discussion of Findings. Three facilities (B241, B253, B361) have multiple, individual hood and 

exhaust systems and short stacks that penetrate the roof.  Some hoods are quite old and should be 

replaced.

 

Conclusion. Hood and exhaust systems in the three facilities may benefit from 

centralization of the system. Centralizing the exhaust systems and hoods through 

a manifold to a single tall stack may eliminate multiple short stacks and their roof 

penetrations. It would also help to minimize exhaust air from re-entering a facility through 

outside air intakes.    

Recommendation. Each of the facilities should perform a cost/benefit study to determine 

if installing a centralized hood and exhaust system is appropriate considering age and 

future use of the facility. 

•

•

Findings, Conclusions, Recommendations (cont.)
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Alarm Systems 

Finding—Emergency paging and fire alarm systems in some facilities need to be replaced to 

meet current codes.

 

Discussion of Findings. Federal Regulations and DOE orders require the Laboratory to install 

and maintain an operable employee alarm system. The emergency paging and fire alarm systems 

at the Laboratory have evolved over multiple years and are grandfathered in and are not required 

to meet current codes unless a facility undergoes major alterations or repairs.  

Several facilities (B241, B253, B361, B381) have LLNL designed Emergency Paging (EP) 

systems that utilize 40-year-old designs and configurations. These designs and configurations 

do not meet current National Fire Protection Association (NFPA) codes for systems intended 

for fire service/use. EP systems consist of an amplifier and speakers and have no provisions to 

accommodate strobe lights that are required to evacuate the hearing impaired.

 

A second generation paging system called the Emergency Voice/Alarm Communication (EVA) 

system is installed in some facilities (B113, B141, B271) to distribute voice instructions to 

employees as well as alert and evacuation signals for a fire emergency. Commonly referred to as 

the “Red Racks,” the EVA has two parts: the Head End located in B313 that provides input and 

coordination for “live” and pre-recorded voice messages that are distributed to the EVA building 

systems. The EVA system is recognized (listed) by UL for fire service and meets NFPA code.  All 

EVA systems at the Laboratory are equipped with strobes. EVA technology is about 15 years old; 

therefore, as the units age repairs become more frequent. Replacement parts are becoming more 

difficult to obtain because the manufacturer, Faraday, no longer supports the EVA.

Findings, Conclusions, Recommendations (cont.)
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System 3 fire alarm systems (30 year old technology) are installed in some facilities (B241, 

B271, B361).  They are UL listed and NFPA compliant.  A System 3 fire alarm panel employs 

conventional zone technology.  Alarms cover a zone only (not individual devices).  Devices report 

to the panel as a single alarm for the zone which requires firemen to first go to the panel, locate 

the zone in alarm, and then search that area for the alarm event.

Conclusion. Alarm technology is continually evolving and improving. Fire alarm systems 

are grandfathered in and are required to meet current codes unless major upgrades are 

being made to a facility. Some of the existing alarm designs and configurations do not 

meet current NFPA codes for systems intended for fire service.  Repairs to aging systems 

are becoming more frequent, and parts are becoming difficult to obtain because the 

manufacturer no longer supports the EVA. 

Recommendation. The Laboratory Fire Department is evaluating options and the 

estimated costs to replace EP, EVA, and System 3 Fire Alarm Systems with either a 

MXLV system, a MXL with a voice communications box, or other approved system 

(depending on the application and size of the facility). 

•

•

Findings, Conclusions, Recommendations (cont.)
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Architectural Assessment

Finding—Existing guardrails, handrails, stair treads, and door hardware do not conform to 

current building codes.

Discussion of Findings. The architectural assessment of facilities resulted in the following:

B141 does not have guardrails installed on the concrete landing on the north side.

Existing guardrails in B271 and the west side basement access of B361 need to be 

replaced to conform to current code.

Existing handrails and ramps need to be replaced at the B141 loading dock to meet 

current code. The B253 concrete ramp is too steep and needs to be replaced to comply 

with code.

Existing open stair treads and risers need to be replaced (B113, B271, B381) to conform 

to current code.

Rest rooms in four facilities (B141, B241, B253, B361, B851A) need additional water 

closets, lavatories, and showers based on occupant load and gender. The rest room (Room 

108) in B141 (west side) is a gender-shared rest room.  Plant Engineering has existing 

drawings and specifications for remodeling and improving the rest room facilities in 

B851A at Site 300. 

Six facilities (B141, B241, B271, B361, B381, B851A) need to provide or remodel rest 

rooms for handicap access. 

Concrete or steel walled office areas (B141, B241, B253) need to be insulated to R19 

including dual pane windows to conform to California Energy Calculations for efficiency.

Lock sets need to be replaced in buildings to meet current code.

External appearance of two facilities (B141 and B241) could be improved by constructing 

new front entrances. 

Conclusion. Buildings are grandfathered in and are not required to meet current building 

codes unless major upgrades are being performed.  

Recommendation. Consider installing any code improvements that may increase the 

safety of personnel and improved access for the handicapped.  Perform energy studies 

to determine the payback of conforming to California Energy Calculations for energy 

efficiency (B141, B241, B253).

•

•

•

•

•

•

•

•

•

•

•

Findings, Conclusions, Recommendations (cont.)
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As existing buildings continue to age, this trend and the number of aging facilities increases 

at LLNL.  As facilities age, their research environment; programmatic missions; and building, 

electrical, mechanical, and fire codes also change significantly from the time they were originally 

construction. 

To meet current and emerging program needs and requirements, some of the Laboratory’s 

outdated equipment and major subsystems need to be replaced. Some facilities have inadequate 

or marginal heating and cooling systems and should be modernized and updated to current code. 

Cooling systems, in some cases, are being supplemented by numerous small AC units.  Replacing 

the individual units with a central plant and distribution system would be more efficient, provide 

improved temperature control, and reduce maintenance costs. Installing direct digital controls 

would provide more energy efficient and precise control of heating and cooling systems. 

Low voltage electrical distribution systems and components are old (beyond design life), some 

breakers are not properly coordinated, ground fault protection, in some cases, is inadequate, and 

some electrical systems need to be updated to current electrical code. Although aging low voltage 

electrical distribution systems have a low probability of failure, they should be replaced in their 

entirety to maintain their performance and function with increased reliability. 

As the Laboratory continues to invest in its facilities and major subsystems, this process needs 

to include the function, performance, safety, operation, reliability of the major subsystems, and 

how they are integrated as a total productive unit. This process begins with understanding the 

program’s mission and needs, then integrating these requirements with a Facility Plan.  The 

Facility Plan should address program requirements, deferred maintenance, replacement of aged or 

obsolete major subsystems and components, major upgrades, funding strategies, seismic issues, 

and cost estimates and scheduling.  This integrated approach will result in a total cost profile 

for a facility that can be evaluated and balanced against continued investment, demolition, or 

construction of a new facility.

Summary
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